natural resources and biodiversity, and the importance of the ecological safety of the whole basin, the desertification development in the source region of the Yangtze has aroused widespread concern in the community and the majority of researchers, along with Heyuan River area development from different angles on scientific research [2, [14] [15] [16] due to the specific function of water conservation, rich natural resources and biodiversity, and the importance of the ecological security of the whole basin for the source region of Yangtze. The development of desertification in the source region of the Yangtze has aroused the widespread concern of society and scientists who research the whole basin from different angles [17] [18] .
In the past 40 years, the annual average of temperature for the source area of the Yangtze has risen by 0.8ºC [7, 13, 19] . It is one of the regions of the highest range for temperature rise in the Tibet Plateau [20] . The increasing temperature causes increasing evaporation in the area. The climate shows a warm and dry trend while the permafrost table has a decreasing trend. Thus the original ecological environment is disturbed and further promotes the development of desertification [21] [22] [23] [24] [25] . Previous studies have shown that the source region of the Yangtze will increase significantly in the next 100 years. This will further result in a substantial retreat of glaciers, grassland degradation, wetland atrophy, lake shrinkage and dryness, which leads to the further development of desertification and strengthening of aeolian activities. The plateau is in the upper and middle layers of the troposphere, and the atmosphere activities are intense and frequent, which provides enough power for the sand flow and the extension of the desert [26] [27] [28] . The large floating dunes and desertification lands in the plateau to provide sufficient material for the movement of sand and the expansion of desert. This may appear on the scale of desertification in the source region of the Yangtze and the Tibetan Plateau, and the region has become China's new source of dust weather, which will affect the atmospheric dust content and China across the pacific [29] [30] .
It is possible that there will be large-scale desertification in the source area of the Yangtze and the whole Qinghai Tibet Plateau. The source region of the Yangtze will become new sources of dust weather [5] . This will affect the atmospheric dust content in China and even the whole pacific. For the whole Yangtze River Basin, the development of desertification in the source area will destroy the water conservation function of the source area [31] and increase soil and water loss, which will affect the stability of water flow in the middle and lower reaches of the Yangtze. Thus, it poses a threat to the ecological security of the whole basin. At the same time, it also has a negative impact on the life and production in the middle and lower reaches of the source area of the Yangtze [32] [33] .
In such a cold region of the Yangtze source area [11] , the growth of vegetation is slow and ecological restoration is difficult, with the characteristics of desertification being unable to recover or difficult to recover. The occurrence and development of desertification will inevitably pose a great threat to the ecological security of this region. If desertification in the source area of the Yangtze is not effectively controlled and continues to develop, it is bound to undermine the region's water conservation, climate regulation and its role in biodiversity conservation. This has spurred extensive research. Through analysis of wind erosion and wind accretion in the source region of the Yangtze from 2005 to 2015 as well as the changes of vegetation in the growing season, the main purposes of this paper are: (1) analyze aeolian erosion in the source area of the Yangtze in the past 11 years; (2) investigate the influence of aeolian erosion on the ecological status of the source region of the Yangtze; and (3) evaluate the influence of aeolian erosion on the Qinghai Tibet railway. This article looked at the sandstorm erosion source region of the Yangtze River area and the influence on the source region of the Yangtze under the background of global environmental change. The results are also helpful for further provide reference data for the whole Sanjiang source protection area and the whole Qinghai Tibet Plateau in order to analyze the characteristics of desertification and its development trend and provide a scientific basis for effectively preventing and controlling desertification, while meanwhile providing scientific basis for future research.
Material and Methods

Study Area
The source region of the Yangtze River is located in the hinterland of the Qinghai Tibet Plateau at 90°43′~96°45′E, 32°30′~35°35′N (Fig. 1 ). The region covers Zhiduo County, Qumalai County, Tanggula town in Geermu city, Yushu county and Chenduo County, and the control drainage area is about 1.38×10 5 km 2 [5, 14] . The basin has 5 major rivers: the Chumaer, Tuotuo, Gaerqu, Buqu and Dangqu. The source region of the Yangtze is one of the main distribution areas of the plateau wetland on the Qinghai Tibet Plateau, and is also the most concentrated area of glacier distribution in the study region. The glacier area accounts for more than 89% of the entire Sanjiang source region, while meltwater runoff accounts for more than 25% of the source region of the Yangtze. The climate in the source region of the Yangtze is a typical plateau cold climate. The characteristics of climate are characterized as low heat and strong radiation, two significant seasons (dry, wet), and rain heat over the same period. From the southeast to the northwest, differences in temperature and precipitation gradient were significant. Annual average temperature is only 3~5.5ºC. The warmest month is July, when the average temperature is 3~17.3ºC. Some areas will not even appear to have accumulated temperature higher than 10ºC. There is no absolute frost-free period, and annual precipitation is 221.5~515 mm.
Observation and Analysis
In order to study the effects of wind erosion and wind deposition on the source region of the Yangtze and the characteristics of wind erosion and wind deposition in recent years, with Budongquan, Wudaoliang and Tuotuohe as the observation point, wind erosion, wind deposition and vegetation situations in the study area were systematically observed from 2005 to 2015. Desertification (wind erosion and wind deposition) is mainly monitored by the Wind Erosion Observation System. The sampling period of each collection point is 15 or 30 seconds. Usually the sampling period is from 15 seconds to 2 hours. This system automatically records the onset time, intensity of wind erosion sediment erosion and the cumulative measurement of sediment erosion with time. The memory capacity of RAM can be continuously monitored for 80 days (5-min intervals). Measurement range is from 0 to 1200 g and measurement accuracy is 0.1 g. Vegetation coverage is mainly measured by the Vegetation Coverage Observation System. The surface vegetation coverage photogrammetry system includes a portable vegetation coverage photogrammeter and automatic calculation system of surface vegetation coverage. One part is the hardware part. Even with the portable vegetation coverage photogrammeter, its function is to take vertical photographs to obtain vegetation coverage images. Another part is the PCOVER software. Its function is to process the acquired image and calculate the vegetation coverage automatically. The height of the plant is measured by steel tape.
Results
The Inter-Annual Variation of Wind Deposition and Wind Erosion Fig. 2 shows the inter-annual variation of wind deposition and wind erosion in the Yangtze source region from 2005 to 2015. In general, wind deposition showed a decreasing trend from 2005 to 2015 ( Fig. 2a) , and wind erosion also showed a decreasing trend year by year (Fig. 2b) . This indicated that the process of soil structure damage and the displacement of the soil particles had decreased year by year. Objectively speaking, wind erosion was mainly due to two reasons: first of all, wind speed, wind direction and other climatic factors; second was the roughness factor, which was the factor of reducing wind power. Certainly, this was closely related to the state's financial support for the protection of the Yangtze source area and the reasonable protection policies. The average value of wind deposition was basically equal to wind erosion average value from 2005 to 2015. The average thickness of wind deposition was 0.17 cm and average thickness 
Seasonal Variation of Wind Deposition and Wind Erosion
The seasonal variation of wind deposition and wind erosion is shown in Fig. 3 . The order of average thickness of wind deposition in the Yangtze source region was summer > autumn > winter > spring , with the mean values being 0.22, 0.18, 0.17 and 0.16 cm, respectively (Fig. 3a) . However, the order of average thickness of wind erosion in the source region was winter = spring > summer > autumn, with the mean values being 0.19, 0.19, 0.17 and 0.16 cm, respectively (Fig. 3b ). Precipitation mainly concentrated in summer and autumn in the source region. At the same time, the growing season of plants was also concentrated in summer and autumn. So the average thickness of wind deposition in summer and autumn was higher than in spring and winter, while the average thickness of wind erosion in spring and winter was higher than in summer and autumn. Generally speaking, the average thickness of wind deposition was equal to the average thickness of wind erosion. But the average thickness of wind deposition in summer (0.22 cm) and autumn (0.18 cm) was higher than the average thickness of wind erosion(summer was 0.17 cm; autumn was 0.16 cm). It was also related to the vegetation growing season and rainy season for the source region of the Yangtze River. The average thickness of wind erosion in spring (0.19 cm) and winter (0.19 cm) was higher than in summer (0.17 cm) and autumn (0.16 cm), due to which the climate was dry, the wind speed was greater and the surface vegetation was minimal in the study area. 
Variation of Vegetation Condition
in the Yangtze Source Region Fig. 4 shows the variation of vegetation conditions in the source region from 2005 to 2015. The height of herbage increased year by year ( Fig. 4a ), which indicated that the climate and other environmental conditions in the study area were suitable for the growth of forage. There were two reasons for this point: on the one hand, the state has carried out a policy of returning grazing land to grassland in the study area in recent years; on the other hand, the protection and restoration of the grasslands had already played a role. The highest value of herbage height was 7.25 cm, which happened in 2012, and the lowest value (5.5 cm) appeared in 2007. The variation of vegetation abundance is shown in Fig. 4b) . Vegetation abundance increased year by year, but the increasing trend was weaker than that height of herbage. With the increase of forage height, the vegetation coverage should increase in the study. And the average value of vegetation coverage was 55.86%, the highest was 62% (in 2010) and the lowest (47.25%) in 2013. However, herbage yield showed a decreasing trend from 2005 to 2015. The highest value of herbage yield was 99.75 g/m 2 , which appeared in 2006, while the lowest (24.9 g/m 2 ) appeared in 2015. The yield of herbage was mainly related to precipitation and illumination. It also had a great relationship with topography and other environmental factors. So the fluctuation of interannual variation was very large. In addition, the grassland growth season was very short in the Qinghai Tibet Plateau.
Discussion
Analysis of the Relationship between Wind Deposition and Wind Erosion
The relationship between wind deposition and wind erosion in the Yangtze source region from 2005 to 2015 is shown in Fig. 5 . According to the change of wind deposition and wind erosion in the study area over 11 years, there was a positive correlation between wind deposition and wind erosion (p<0.01). Wind erosion is the action of erosion and rubbingabrading for the surface by wind. Wind deposition is when sand particles stop moving and deposit because of the slowdown of wind speed [34] . The more serious the wind erosion, the stronger the wind-blown area [3, 4, 17] . The average thickness of wind deposition was 0.17 cm and average thickness of wind erosion value was 0.18 cm. The average value of wind deposition was basically equal to wind erosion average value from 2005 to 2015. The overall change trend of wind erosion and wind deposition was consistent (Fig. 5b) , and variation range wasn't larger. This point further proved the above analysis. Wind erosion and wind deposition showed a decreasing trend from 2005 to 2015. This indicated that the wind erosion in the source area would not bring great pressure to the opening of the Qinghai Tibet railway because government protection played an important role in the source area. However, there was still a lot of work to be done to control desertification in the source area, and to ensure the ecological safety of the source area of the Yangtze and the whole Qinghai Tibet Plateau [5, 11, 13] .
Analysis of Relationship between Wind Deposition and Vegetation
In order to investigate the relationship between wind deposition and vegetation in the Yangtze source region, this paper analyzed the correlations between wind deposition and forage height, vegetation coverage and grass yield. As shown in Fig. 6a ), there was a significant negative correlation between wind deposition and vegetation height (p<0.05). The higher the vegetation height, the less the wind deposition. Because vegetation height was higher, the probability of wind deposition was small. The high growth of herbage played an important role in decreasing wind speed [22] . At the same time, it also had some effects on changing wind direction. Vegetation abundance was the same as forage height, and there was a negative correlation between wind deposition and vegetation abundance (P>0.05) (Fig. 6b ). But the wind deposition showed an increasing trend with the increasing herbage yield. And the trend was more obvious (P<0.05). This indicated that wind deposition was helpful to increase the yield of grassland in Qinghai Tibet Plateau, which may be related to the growth of plants on the plateau. Vegetation plays an important role in desertification control and soil and water conservation in the Yangtze source area [24, 26] .
Analysis of Relationship between Wind Erosion and Vegetation
The relationship between wind erosion and vegetation is shown in Fig. 7 . The relationship between wind erosion and vegetation was the same as the relationship between wind deposition and vegetation. Wind erosion and vegetation height showed a significant negative correlation (P<0.05) (Fig. 7a ). There was negative correlation between wind erosion and vegetation abundance (P>0.05) (Fig. 7b ), and wind erosion and herbage yield showed a significant positive correlation (P<0.05) (Fig. 7c ). The vegetation coverage and the height of the grass on the plateau significantly reduced the damage of the strong wind to the grassland surface. At the same time, the wind speed was reduced and wind direction changed, so as to effectively protect the grassland. However, there was positive correlation between wind erosion and herbage yield. The more serious the wind erosion, the more serious the wind deposition. And wind deposition was helpful for increasing the yield of grassland. So wind erosion was also helpful for increasing herbage yield. This point further proved the significant positive correlation between wind deposition and wind erosion [3, 26] .
Conclusions
Through the analysis of wind deposition, wind erosion and vegetation in the source region of the Yangtze River from 2005 to 2015, wind deposition showed a decreasing trend from 2005 to 2015. And wind erosion also showed a decreasing trend year by year. The average value of wind deposition was basically equal to wind erosion average value from 2005 to 2015. The average thickness of wind deposition was 0.17 cm and average thickness of wind erosion value was 0.18 cm. The order of average thickness of wind deposition in the Yangtze River source region was summer > autumn > winter > spring , with the mean values being 0.22, 0.18, 0.17 and 0.16 cm, respectively. However, the order of average thickness of wind erosion in the source region was winter = spring > summer > autumn, with the mean values being 0.19, 0.19, 0.17 and 0.16 cm, respectively. According to the change of wind deposition and wind erosion in the study area over 11 years, there was a positive correlation between wind deposition and wind erosion (p<0.01), and a significant negative correlation between wind deposition and vegetation height (p<0.05). Vegetation abundance was the same as forage height, and there was a negative correlation between wind deposition and vegetation abundance (P>0.05). But the wind deposition showed an increasing trend with the increasing herbage yield. And the trend was more obvious (P<0.05). The relationship between wind erosion and vegetation was the same as the relationship between wind deposition and vegetation. Wind erosion in the source area of the Yangtze River would not bring great pressure to the opening of the Qinghai Tibet railway; the protection from the government had played an important role in the source area of the Yangtze. However, there was still a lot of work to be done to control desertification in the source area, and to ensure the ecological safety of the Yangtze source area and the whole Qinghai Tibet Plateau.
